The epipelagic copepod assemblages and vertical distribution (,200 m) of 52 species were surveyed in January (winter) and July (summer) 2007 in the central and northern region of the Gulf of California. During January, the water column was well mixed and cold (16-188C) in the upper 100 m. During July, a pronounced seasonal thermocline (22-288C) in the upper 50 m was present. Copepod diversity was slightly higher in summer, associated with the northward expansion of the Tropical Eastern Pacific (TEP) copepod community. During winter, large copepod species (Pleuromamma gracilis, Calanus pacificus, Rhincalanus nasutus and Scolecithrix danae) had their greatest weighted mean depth abundance (WMDA) in the 0-50-m layer, closely associated with the maximum concentration of chlorophyll a. During summer, small tropical species (Centropages furcatus, Clausocalanus furcatus and Canthocalanus pauper) had higher WMDA (25-50 m) below the thermocline. A canonical correspondence analysis showed that copepod vertical distribution and abundance was positively associated with vertical temperature structure during summer and with thermocline depth, percentage of oxygen saturation, zooplankton volume and concentration of chlorophyll-a during winter. We did not detect any evidence of daily vertical migration to depths of 0-200 m for 43 species; most species were concentrated in the mixed layer; seven had deep distribution 100-200 m, and two had seasonal vertical migration. This means that nektonic predators of epipelagic copepods prey on almost the same available online at www.plankt.oxfordjournals.org
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I N T RO D U C T I O N
The epipelagic marine ecosystem has a greater vertical than horizontal gradient in many variables: heterogeneity in light, temperature, salinity, density, dissolved oxygen concentration, current speed and direction, and autotrophic and heterotrophic biomass distribution (Longhurst, 1985) . Epipelagic copepods have evolved intra-specific and variable regional behavior strategies related to their vertical distribution patterns to deal with prevailing regional gradients in environmental conditions. A common, but not universal, daily vertical migration (DVM) of copepods (and other zooplankton groups) is movement to deeper layers during daytime to avoid some predators and decreased metabolic rates in cold deep waters and movement to shallower layers at night to feed on abundant food near the surface. DVM is also effective for avoiding intense offshore Ekman transport in coastal upwelling regions allowing neritic copepods to exploit favorable coastal habitats (Batchelder et al., 2002) . Several studies provide evidence of zooplankton interspecific partitioning of vertical habitats (Ambler and Miller, 1987; Barange, 1990) . It is frequently hypothesized that DVM enables self-recruitment to populations in upwelling regions by retaining organisms in a region. However, Peterson suggested that DVM is not sufficient to retain organisms in narrow upwelling regions over shallow shelves (e.g. the Oregon coast) (Peterson, 1998) . He instead proposed that ontogenetic vertical migration (OVM), generally an increase in an organism's mean depth as it develops, is the key to retaining organisms in narrow upwelling regions.
Other studies indicate that some zooplankton have the ability to modify their DVM to cope with prevailing environmental conditions (Hays, 2003; Gómez-Gutiérrez and Robinson, 2006) . Copepods can also modify their DVM if visual pelagic predators are present, a relatively rapid response to variations in stimuli from predators (Neill, 1990; Frost and Bollens, 1992; Cousyn et al., 2001) . At smaller spatial scales, turbulent mixing also affects copepod behavior and their DVM (Saiz, 1994; Lagadeuc et al., 1997; Incze et al., 2001) . Along the coastal upwelling regions of the California Current System (a coast-oceanic ecosystem), the population of each copepod species appears to be maintained within the upwelling zone by a specific relationship between its distribution and the circulation mediated by specific DVM patterns (Peterson et al., 1979; Peterson, 1998) . Currently, the copepod daily vertical distribution in the Gulf of California [a semienclosed ecosystem with a complex circulation pattern (Marinone, 2003) ] is not known.
The Gulf of California has strong seasonal oceanographic and climatic variations related to several main forcing agents: the Pacific Ocean at the entrance to the gulf (Castro et al., 1994; Ripa, 1997) , the seasonal summer monsoon regime (Badan-Dangon et al., 1991) and air-sea heat exchange throughout the gulf (Beier and Ripa, 1999; Marinone, 2003 Marinone, , 2012 . The annual, vertically integrated, net primary production in the Gulf has three distinct seasons: cold (December through May) with primary production ranging from 1.16 to 1.91 g C m 22 d
21
, warm (July through October) with production ranging from 0.39 to 0.49 g C m 22 d 21 and two brief transitions with intermediate production, typically June and November (Hidalgo-González and Alvarez-Borrego, 2004) . Seasonality is also evident from satellite sea surface temperature (SST) and concentrations of chlorophyll a (Chl-a). Between December and May, the SST is 12 -188C, with high Chl-a concentrations (.1 mg ); between July and October, the SST is 18-318C typically with low phytoplankton Chl-a concentrations (,1 mg Chl-a m -3 ); and in June and November (transitional periods), intermediate conditions occur (Espinosa-Carreón and Valdez-Holguín, 2007; Herrera-Cervantes et al., 2007) .
Tropical surface water and subtropical subsurface water flow into the Gulf of California from the Pacific Ocean during summer (Bray, 1988) . The oxygendeficient North Pacific intermediate water flows beneath the surface and subsurface water masses, forming an oxygen minimum zone (OMZ) between 70-300 m in south and central regions of the Gulf of California and considerably deeper (300 -600 m) in the southern area of the Mid-Rift Archipelago (Reid et al., 1965; Brinton and Townsend, 1980; Bray, 1988; Thunell, 1998; Fernández-Á lamo and Färber-Lorda, 2006; Delgadillo-Hinojosa et al., 2006; Seibel, 2011 ). The OMZ is described as a barrier to vertical distribution and migration for zooplankton in the TEP; however, there are several well-adapted species that inhabit the tropical OMZ, but its effect varies among species and ontogenetically (Brinton, 1979; Chen, 1986; Fernández-Á lamo and Färber-Lorda, 2006; Tremblay et al., 2010; Seibel, 2011) .
Copepods are the most abundant (44-85%) and diverse component of the zooplankton assemblages, representing a large proportion of the zooplankton biomass consumed by small pelagic fish, especially sardines and anchovies, two of the most economically profitable pelagic fisheries in the Gulf of California (Brinton et al., 1986) . Previous sampling efforts to study copepod species composition, abundance and distribution patterns in the Gulf have been carried out only during winter-spring (cold season), using oblique hauls of bongo nets that integrate the zooplankton of the upper 200 m (Fleminger, 1975; Brinton et al., 1986; Jiménez-Pérez and Lara-Lara, 1988; Hernández-Trujillo and Esquivel-Herrera, 1989; Siordia-Cermeño and Sánchez-Velasco, 2004; Salas de León et al., 2011) . Thus, vertical distributions and DVM of copepods in the Gulf of California are unknown. Additionally, the copepod species composition and aspects of patterns of distribution have not been studied so far during summer. This is relevant because previous studies assumed that copepods in the Gulf, like some other zooplankton , have extensive DVM (Brinton et al., 1986) .
Vertical distribution of tropical copepods has been studied along the coast of Mexico and further south to the TEP from a zoogeographic perspective, especially investigating the role of the OMZ in copepod structure and DVM (Longhurst, 1985; Chen, 1986; Saltzman and Wishner, 1997) . This has also been studied in the subtropical North Pacific central gyre (Ambler and Miller, 1987) . We surveyed DVM patterns of epipelagic adult copepods associated with multiple environmental conditions during two contrasting seasons, winter (January) and summer (July) 2007. Previous studies in the Gulf of California indicate that January and July represent contrasting environmental conditions in primary productivity (HidalgoGonzález and Alvarez-Borrego, 2004 ) and patterns of surface currents (Marinone, 2003 (Marinone, , 2012 . Thus, our goal was to investigate how the vertical distribution of copepods is associated with vertical and latitudinal environmental gradients during winter and summer in the central and northern region of the Gulf of California.
M E T H O D Field environmental and biological sampling
Two oceanographic cruises were carried out in the northern and central regions of the Gulf of California aboard the R/V El Puma (12-31 January and 17 July-3 August 2007; Fig. 1 ). Vertical profiles of temperature, salinity and conductivity were measured at each oceanographic station with a calibrated General Oceanics Mark III CTD in January and a Seabird SB09 CTD with SBE 43 dissolved oxygen sensor during July. The CTD surveys ranged from the surface to 300 m in oceanic regions and from the surface to 10 m above the seafloor at stations located along the continental shelf (,200 m depth). Water samples were also collected with 5-L Niskin bottles at 0, 5, 10, 25, 50 and 75 m to measure dissolved oxygen (mL O 2 L -1 ) with a calibrated multi-parameter sensor (model 556, YSI, Yellow Springs, OH) and Chlorophyll-a concentration. On board, 3 L samples of seawater at each depth were filtered through a GF/F ( pore, 0.7 mm) filter and frozen in liquid nitrogen.
Zooplankton samples were collected in January 2007 at 20 oceanographic stations and July 2007 at 14 oceanographic stations at four depths at each station ( Fig. 1) . At each oceanographic station, we used four closingopening-closing conical nets (0.5 m mouth diameter, 333-mm mesh) that were manually operated with messengers selecting sampling strata depth based on seafloor depth. Towing speeds were maintained at 4 km h -1 . To ensure accurate sampling of each depth stratum, the depth of the net was calculated by the cosine of the wire angle method, following the standard specifications (Smith and Richardson, 1979) . After the four vertically stratified nets were obliquely towed and recovered, an identical conical net was towed near the surface (at 1 -2 m) for 10 min at a speed of 6 km h -1 to collect neustonic zooplankton. Thus, depth sampling layers varied at each station depending on the depth of the seafloor selecting four of the following layers at each station: 2, 25, 50, 75, 100, 150 or 200 m for strata, indicating approximately the mid-depth of the vertical sampling interval. All the nets were equipped with calibrated digital General Oceanics flowmeters to estimate the volume filtered. Zooplankton samples were preserved in 5% formalin buffered with saturated borate sodium.
Analysis
Each CTD profile was plotted to detect the depth of the thermocline. This was defined as the depth where the temperature gradient in a 10-m layer was .18C lower than the layer above it (Hidalgo-González and Alvarez-Borrego, 2004 ) and the depth of the strata with hypoxic conditions that, in the present study, we arbitrarily defined as the strata boundary where oxygen concentration was ,1.5 mL O 2 L -1 (,20% oxygen saturation) (Reid et al., 1965; Brinton and Townsend, 1980; Kamykowsky and Zentara, 1990; Fernández-Á lamo and Färber-Lorda, 2006; Tremblay et al., 2010) .
The Chlorophyll-a concentration was estimated, using standard HPLC methods (model 110, Agilent Technologies, Santa Clara, CA) (Vidussi et al., 1996) . Vertical density gradients were used to estimate the stability of the seawater column as a proxy for stratification (Peterson et al., 1988) :
where D sigma t is the density (kg m -3
) difference between surface and maximum sampling depth and Dz is the difference between surface and maximum sampling depths (m). Vertical profiles of temperature, density, dissolved oxygen, Chl-a and zooplankton biovolume, as a function of the latitude of the sample, were plotted using Surfer 9.8 software (Golden Software, Golden, CO).
In the laboratory, zooplankton biovolume was estimated using the displacement method (Smith and Richardson, 1979) . Zooplankton subsamples (aliquots of 30 mL, typically with !500 copepods) were obtained with a Stempel pipette of 10 mL volume. Adult copepods were sorted and identified using taxonomic keys (Palomares-García et al., 1998; Razouls et al., 2005 Razouls et al., -2012 . Specific references quoted in these two taxonomic keys were consulted, if necessary. Copepod abundance in each layer sampled was standardized (ind. 1000 m -3 ), as well as, zooplankton biovolume (ml 1000 m 23 ) (Smith and Richardson, 1979) . To map copepod distribution in each layer, we pooled samples into four layer groups (0 -50, 50 -100, 100-150 and 150-200 m) to summarize information and obtain a better geographical representation of the stratified samples.
Calculations of weighted mean depth abundance
We grouped samples by day or night, depending on local sunrise and dusk (US Naval Observatory, http:// www.usno.navy.mil/USNO/astronomical-applications). Weighted mean depth abundance (WMDA) of each copepod species was calculated (Andersen et al., 2004) with the following equation:
where d i is the depth layer of a zooplankton sample i (considered at the mid-depth of the vertical sampling interval), z i is the thickness of the sampled stratum and n i is the copepod abundance (ind. 1000 m -3 ) collected at the respective sampling depths. WMDA, like other summary statistics for vertical distribution, can be misleading. It is often substantially displaced from the modal depth of a population because of asymmetry in copepod distribution. However, this does provide a simplification of the data and is not very misleading if the original distribution is restricted and unimodal (Ambler and Miller, 1987) . Vertical profiles of adult copepod abundance and species richness, as a function of sampling latitude, were plotted using Surfer 9.8 software. The copepod WMDA was vertically compared with the depth of the mixing layer and the depth of the upper boundary of the hypoxic strata (defined as ,1.5 mL O 2 L -1 ) at each oceanographic station. The copepod abundance matrix has 52 species (columns) and 160 stratified zooplankton samples (rows). Standardized copepod abundance was transformed as log (x þ 1) to decrease the relative weight of the most abundant species (Field et al., 1982; McCune et al., 2002) . The environmental data set was root-root transformed to decrease inherent differences in scale units from each environmental variable (Field et al., 1982; McCune et al., 2002) , and overall performance of multivariate statistical tests was better with root-root than with other data transformations tested.
Statistics
The relationships among copepod species vertical distribution and abundance and environmental variables were investigated using canonical correspondence analysis (CCA) (Teer Braak, 1986) , which was calculated with PCORD 6.0 software (MjM Software Design, Gleneden Beach, OR; McCune et al., 2002) . The environmental matrix contained the average values for each depth stratum of eight variables (mean temperature, mean practical salinity, mean percentage of oxygen saturation, mean concentration of Chl-a, zooplankton biovolume, depth of the thermocline, mixed layer depth and depth of the seafloor at the sampling station) as indicators for neritic (,200 m) vs. oceanic (.200 m) habitats. Zooplankton sampling time (day vs. night), month (January vs. July) and depth (surface, or any specific in situ sampling depth layer 25, 50, 75, 100, 150 or 200 m) were considered as categorical variables. A Monte Carlo test was performed to evaluate the significance of the correlations between environmental factors (listed above) and distribution and abundance of adult copepod species. The results are shown as bi-plot graphs (the two first ordination axes) with environmental variables as vectors and the sampling stations as points in ordination space (Teer Braak, 1986; McCune et al., 2002) .
CCA allowed us to identify the main modes of variability of vertical and seasonal copepod abundance (components) as a function of the gradients of the eight environmental conditions. Using a multiresponse permutation procedure (MRPP), we tested several null hypotheses (H o ) to detect whether there were significant differences in composition and abundance of copepod species among different sample groups: (i) day vs. night abundance (not vertical distribution depth), (ii) winter vs. summer season and (iii) among sampling depth layers. The MRPP is a nonparametric procedure for testing the hypothesis of no difference between two or more groups of entities. This test calculates the separation between groups determined by the Pearson type III distribution (T), the more negative the T value, the stronger is the separation, and it calculates the chancecorrected for within-group agreement (A). If A ¼ 1, all items are identical within the groups (delta ¼ 0). If A ¼ 0, heterogeneity within the groups is expected by chance. If A , 0, heterogeneity within the groups is higher than expected by chance. Delta is the weighted mean within-group distance (McCune et al., 2002) .
An indicator species analysis (ISA) was used to identify the copepod species present during each cruise in each vertical layer, according to the same null hypotheses (H o ) proposed for the MRPP analysis, and using data from the species matrix and categorical variables (as testing criteria) from the environmental matrix. The ISA measures the faithfulness of occurrence of a species in a particular group of stations, defined by a null hypothesis. It produces indicator values for each species for each environmental station group. The highest indicator value for each species is tested for statistical significance using Monte Carlo randomization (Dufrene and Legendre, 1997; McCune et al., 2002) . The indicator values (% of perfect indication) can range from zero (no match) to 100 ( perfect match) obtained by combining the relative abundances and relative frequencies of each species. A perfect match means that presence of a copepod species indicates environmental conditions of a particular group of sampling stations or sampling depths without error. The CCA, MRPP and ISA are nonparametric tests that do not require copepod abundance to be normally distributed (McCune et al., 2002) .
R E S U LT S
Distribution of temperature, dissolved oxygen and chlorophyll a recorded on January and July 2007 cruises is described in three publications about euphausiid ecology , 2012 Tremblay et al., 2010) ; the description of environmental conditions is not repeated here. Instead, we emphasize description of the vertical environmental conditions and copepod abundance and species richness as a function of latitudinal sampling location. We sought to detect latitudinal epipelagic habitat gradients in the central and northern regions of the Gulf of California.
Environment
During January, the water column was well mixed and cold (,188C) in most of the study area. Between 278N and 298N, we recorded colder temperatures (,168C) near the surface ( Fig. 2A) . During July, a typical seasonal thermocline (22-288C) was present along most of the latitudinal gradient in the upper 50 m ( Fig. 2A and B) . During January, vertical density (sigma t ) structure was .26 kg m -3 , with no apparent vertical or latitudinal gradients. During July, the water column was clearly stratified (21-24 kg m ) were detected at 150 m from 268N to 288N and deeper (200 -250 m) at higher latitudes (29-308N), but not detected in the northern part of the study area (318N) during January or July ( Fig. 2E and F) .
Mean concentration of Chl-a was two times greater in January than in July. The highest concentrations were in the upper 50 m during both cruises ( Fig. 3A and B) . In January, we detected a subsurface maximum at 50 m in the area between 288N and 308N, where we only sampled the upper 75 m (Fig. 3A) . In July, concentrations throughout the water column was homogeneous and low, particularly below 25 m, except at 298N, where the concentration was .4 mg m -3 near the surface (Fig. 3B ). In January, the highest zooplankton biovolume (.400 mL 1000 m -3 ) occurred near the surface. There was a smaller peak at the 25-50-m layer, where copepods typically had their highest abundance (Fig. 3C ). In July, the largest zooplankton biovolume occurred in the 25-50-m layer (400-1100 mL 1000 m -3 ) throughout the central and northern areas (Fig. 3D ).
Copepod abundance
We identified 52 copepod species during the two oceanographic cruises. Seven species were found only in January and 10 species were found only in July (Table I) .
Most species were from tropical and oceanic zoogeographic habitats that typically range throughout the Tropical Pacific. Ten Calanoidea species accounted for 85% of copepod abundance in January and 80% in July (Table I) . Cyclopoid and poecilostomatoid copepods were considerably less abundant than calanoids in both seasons, except for the cyclopoids, Oithona plumifera, O. setigera and O. rigida, which accounted for 2 -9% each of all specimens collected (Table I ). The remaining species accounted for ,1%, indicating that only 13 species dominated the copepod assemblage in the Gulf of California.
Vertical distribution and species richness
In January, abundance of all copepod species combined was considerably higher in the 0 -25-m layer north of Isla Tiburon and in the southwestern part of the study area (Fig. 4A) . In general, in the 50 -75-m layer, copepods were homogeneously distributed, with densities between 100 000 and 500 000 ind. 1000 m -3 . In the deeper layers (100 -200 m), low copepod abundances were present, except to the north and south of Isla Tiburon (Fig. 4A , C and E). In July, the highest abundance was concentrated along the east coast of the Baja California Peninsula in the 50-75-m layer, followed by moderate densities near the surface in the same area. Considerably lower densities were present in the 100 -200-m layer (Fig. 4B , D and F). Mean vertical abundance profiles of each copepod species, comparing day and night and summer and winter (Supplementary data, Fig. S1 ), indicate that 43 species had their maximum mean abundance in the upper 75 m in winter and summer during the day and night. Only two species showed moderate seasonal changes in vertical distribution of maximum density: (i) Triconia conifera, with highest densities at 50 m in July and 75-100 m in January (without DVM) and (ii) Rhincalanus nasutus, with highest densities at 25-50 m in January and 75-100 m in July (with clear DVM). Seven species had a distinct, deep vertical distribution with maximum abundance at 100-or 200-m layers (Aetideus armatus, A. bradyi, A. pacificus, Euchaeta marina, Metridia princeps, Paracalanus sp. and Pleuromamma abdominalis) (Supplementary data, Fig. S1 ).
In January and July, most zooplankton layer samples had between 11 and 15 copepod species (Fig. 5A-F) . In January, the highest copepod richness occurred near the surface near Guaymas and north side of Isla Tiburon; in the south central part of the study area, highest richness occurred in the 50 m depth layer (16 -30 species). The region south of the Midriff Archipelago Region in the 100 -200-m layer had the lowest species richness, ,10 copepod species (Fig. 5E ). In July, moderately high species richness (16 -20 copepod species) occurred north of Guaymas in the 50-m layer and at 288N along both sides of the Gulf. Between 11 and 15 species were detected in the rest of the area and in other layers, with the exception of low copepod species richness (,10 species) in the northern region (Fig. 5B, D and F) . The similarity of day and night abundance suggests that most epipelagic copepod species that inhabit the upper 200 m depth in the central and northern part of the Gulf of California have short vertical movements (likely ,50 m) or do not perform the typical DVM pattern observed in other regions of the world. Total abundance (all species combined) was mostly concentrated in the 50-m layer in January (Fig. 6A) and in the upper 100 m in July (Fig. 6B) .
Species richness was lower in January (,14 species per sampled layer) than in July, when up to 28 species were detected in specific sampling layers. In January, the relatively high species richness was homogeneously distributed in the 25-50-m layer at all latitudes; in July, the highest species richness (14-28 species) was between 25 and 125 m and more diverse in the southern region (,298N; Fig. 6C and D) .
The nine most abundant and frequently sampled species were positively associated with the mixed layer depth (shown as a bold line), and the WMDA was never below the upper boundary depth of the hypoxic conditions (Fig. 7A-F , shown as circles with a black dot in the middle). In January, the WMDA of the nine most abundant species was mostly observed in the mixed layer (with a few exceptions) (Fig. 5A, C and E) . In July, the WMDA of these nine species was typically observed below or near the bottom part of the mixed layer. In both months, twenty most abundant copepod species had no significant differences in the WMDA detected between day and night (Student's t-test, P . 0.05); the WMDA was far above the hypoxic strata, suggesting that the copepods in the central and northern part of the Gulf of California do not migrate into layers with low dissolved oxygen (Fig. 7B, D and F) .
Effect of environment
Three environmental ordination axes explained 32% of the variation among copepods in the water column (Table II) . The temperature (r ¼ 0.91) and depth to thermocline (r ¼ -0.79) had the highest correlations with the first ordination axis, reflecting seasonal and vertical temperature gradients (Table III) . Oxygen saturation (r ¼ -0.73) and zooplankton biovolume (r ¼ 0.64) were the two environmental variables that prevailed in the vertical distribution of copepods along the second axis (Table III) . Thus, in the CCA bi-plot, axis 1 represents the seasonal temperate to tropical copepod assemblage changes and axis 2 represents the vertical copepod habitats.
Because Pleurommama gracilis, Rhincalanus nasutus, Candacia parafalcifera and Subeucalanus subcrassus were the most abundant and widely distributed copepod species during both seasons, they are located near the origin of the multivariate ordination, without evident association with latitudinal and vertical environmental gradients (Fig. 8B) . Temora discaudata, Subeucalanus mucronatus, Acartia tonsa, Undinula vulgaris and Centropages furcatus are located in the right half of axis 1 ordination because they were considerably more abundant during the summer. Calanus pacificus, Pleurommama abdominalis and Lucicutia flavicornis are located in the left half of axis 1 ordination, indicating a strong association with low temperatures, a deep thermocline and relatively high concentrations of chlorophyll a recorded during winter (Fig. 8B) . The MRPP showed that the winter copepod assemblage was significantly different than the summer assemblage (P , 0.0000; Table IV ). Pleuromamma abdominalis and Phaena spinifera were the only copepod species that were statistically significant indicators of winter conditions (ISA, P , 0.02), and Pseudocalanus elongatus was the single statistically significant indicator of summer conditions (ISA, P ¼ 0.007; Table V ). The second axis represents the vertical environmental gradients. Metridia princeps was one of the most abundant species collected in the deepest sampled layer (200 m), and Clausocalanus gracilis was associated with near-surface conditions (Fig. 8B) . Most of the copepod species distributed along the second axis reflect the association of copepod vertical distribution and abundance with the WMDA at 50 m. Most copepod species did not change their abundance in day or night samples (t-test for independent variables, P . 0.05), but there were a few exceptions. The MRPP was different for each copepod species per depth layer (Table IV) . For example, Oithona plumifera was significantly more abundant during the night than during the day perhaps due to net avoidance (ISA, P ¼ 0.0274; Table V ). All species were distributed throughout the water column, except Pontellopsis armata, which was much more abundant near the surface, and Aetideus armatus, A. bradyi, A. pacificus, Euchaeta media, Metridia princeps, Pleuromamma abdominalis and Paracalanus sp., which were considerably more abundant at 150 -200 m (SIA, P , 0.04; Table V, Supplementary data, Fig. S1 ). The MRPP indicates that there are significant differences in copepod assemblages above and below the hypoxic conditions and the thermocline (P , 0.0097; Table IV) . Paracalanus sp., P. abdominalis and A. armatus were significant indicators for the hypoxic strata (P , 0.0001), and Pontellopsis armata was indicator of waters above the thermocline (P , 0.05; Table IV ).
D I S C U S S I O N Epipelagic copepod diversity in winter and summer
Copepod species composition and the vertical and horizontal distribution patterns in the region during summer were unknown prior to this study. In July, copepods were mostly small species, including ten species not found in January. This is likely a significant shift in species assemblage. Coastal waters in the Gulf of California support dense stocks of neritic tropical species under contrasting seasonal environmental conditions, including some temperate species during late winter to spring, when vertical mixing and upwelling are most intense (Brinton et al., 1986) .
Typical species during the cold conditions were Euchaeta media, Lucicutia flavicornis, Metridia princeps, Phaena spinifera, Pleuromamma abdominalis, Subeucalanus subtenius and Microsetella norvegica. However, M. norvegica and species of the genera Corycaeus and Oncaea are quite small; therefore, the net used in the present study (333 mm) maybe underestimated their abundance. The ISA showed that only P. abdominalis and P. spinifera were statistically significant indicators of winter conditions (P , 0.02). The typical species during summer conditions were Acrocalanus longicornis, Aetideus pacificus, Candacia discaudata, Clausocalanus arcuicornis, Clausocalanus furcatus, Euchaeta indica, Pseudocalanus elongatus, Scolecithrix bradyi, Oithona setigera and Corycaeus latus. But only P. elongatus had a significant ISA value for summer conditions (Table V) . Centropages furcatus and Clausocalanus furcatus are two small-sized, tropical species that dominated the assemblage in July, when the concentration of Chl-a was one order of magnitude lower than in January.
Seasonal shifts in the size of the dominant species, from larger species in winter to small-sized species in summer, occur in several temperate and subtropical ecosystems related to dominance of abundant large diatoms in spring to small dinoflagellates and picoplankton in summer, when stratification is present (Landry et al., 1994; García-Pámanes and Lara-Lara, 2001 ). In January 2007, large copepod species of the genera Calanus, Subeucalanus, Pleuromammma and Rhincalanus were abundant, representing a large part of surface zooplankton biomass in temperate regions (Atkinson, 1998; Mackas and Tsuda, 1999) . These copepods are predominantly herbivores or omnivores and are typically associated with regions with elevated phytoplankton biomass and primary productivity (Conover, 1988; Atkinson, 1998; Kobari and Ikeda, 2001 ).
Although we did not detect a significant relationship between WMDA and concentrations of Chl-a in the 0 -200-m water column for most copepod species, we The Pearson and Kendall correlations (r . 0.60) are shown in bold.
JOURNAL OF PLANKTON RESEARCH j VOLUME 35 j NUMBER 5 j PAGES 1009-1026 j 2013 detected several significant associations with vertical and seasonal temperature and depth of the thermocline ( Fig. 8A and B) . The depth of the Chl-a maximum in January and July was ,50 m, likely leading to variations in depth distribution of different taxa, as indicated by the zooplankton biovolume ( Fig. 3C and D) . In January, diatoms likely dominated the phytoplankton association in areas with the highest concentrations of Chl-a. These high concentrations of Chl-a are available to numerous herbivorous and omnivorous copepods (Thunell, 1998; Thunell et al., 2007) . The functional trophic consequences of this shift in dominant copepod species in winter and summer should be investigated using estimates of secondary production.
Vertical migration of copepods
A previous study during March 1983 showed no significant differences in the number of copepod species (76 species) collected with bongo nets during the night and day (Jiménez-Pérez and Lara-Lara, 1988 ). This suggests a lack of net avoidance during daytime sampling or that copepods do not have extensive DVM patterns in the Gulf of California. In regions of the Pacific Ocean, subtropical copepods show habitat partitioning with three types of vertical distributions: (i) no migration, same depth maxima during day and night to a maximum depth of 75 m, (ii) ontogenetic migration only and (iii) daily and ontogenetic migrations (Ambler and Miller, 1987) . We observed that 43 epipelagic copepods species in the Gulf of California concentrate in the upper 75 m and did not show conclusive evidence of extensive DVM, as observed in other coastal wind-forced upwelling region elsewhere in the world (Peterson et al., 1979; Peterson, 1998) . Although most copepods were detected throughout the entire water column during each cruise, their WMDA were typically centered in the upper 75 m with considerable overlap in depth distribution during the day and night, typically in the mixing layer and well above the hypoxic conditions (Fig. 7) . In winter, the The number of zooplankton samples per group is shown between parentheses.
copepod WMDA was mostly located within the mixed layer (,70 m), whereas during summer, most of the copepod population was below the 15-30 m seasonal thermocline during the day and night. Although our multiple stratified sampling was relatively coarse, our observations, combining samples within 50-m thick layers suggest that the copepods did not show evidence of DVM. However, small-scale vertical movements (,50 m) could be possible. Because most tropical and subtropical epipelagic copepods store relatively little lipids (Lavaniegos and López-Cortés, 1997) , minimal vertical movement during the day and night in the upper strata, where phytoplankton concentration is high, may be an adaptive advantage if there is enough food in the strata with maximum copepod concentration. In the Gulf of California, krill migrate vertically, resulting in part of the epizooplankton biomass moving from the surface during the night to deeper waters during the day (Lavaniegos, 1996; Tremblay et al., 2010) . Using the same stratified zooplankton samples analyzed in the present study (January and July 2007), we observed that the three most abundant species of krill, Nyctiphanes simplex, Nematoscelis difficilis and Euphausia eximia, performed extended DVM in the upper 200 m, and likely reaching deeper strata. However, in July, N. simplex typically was distributed in water below the thermocline and above the hypoxic conditions, suggesting a seasonally smaller range of vertical habitat for this species Tremblay et al., 2010) . This demonstrates that zooplankton groups with different oxygen thresholds and swimming capabilities have different DVM patterns and provides evidence that the sampling method used (stratified net samples) was sensitive enough to detect (i) day -night vertical distribution patterns in the three krill species and (ii) that most copepods do not seem to migrate in the central and northern part of the Gulf of California.
Although there are different environmental conditions in the Gulf of California and the TEP, we observed that copepods in the Gulf similarly lack a DVM pattern as was observed in a high-resolution vertical sampling study (every 10 m in a 250-m water column) in the TEP (Longhurst, 1985) . In the TEP, .75% of the modal abundance of copepod species were located in the upper 45 m and 33% of copepod species distributed exclusively in a narrow, near-surface layer (15 -30 m) during the day and night, well above the upper boundary of the 100 -120 m (top) of the OMZ (,1 mL O 2 L -1 ) (Longhurst, 1985) . This also suggests that the thermocline rather the OMZ influenced the shallow concentration of copepods in the TEP (Longhurst, 1985; Sameoto, 1986) . Winter mesozooplankton biomass in the Gulf of Tehuantepec (Färber-Lorda et al., 1994) and summer mesozooplankton biomass in the mouth of the Gulf of California (Färber-Lorda et al., 2004) show no evidence of DVM. In both regions, tropical copepods clearly dominate the zooplankton biomass (Fernández-Á lamo and Färber-Lorda, 2006) , suggesting copepods do not perform extensive DVM in a broad geographic region (Gulf of California and Mexican TEP).
A broad tri-dimensional numerical circulation model predicts that the advection of drifting particles (i.e. plankton) in the upper 10 m in January follows a cyclonic circulation, showing large connectivity with the north and mainland side of the Gulf toward the south and peninsular side. In July, an anti-cyclonic circulation pattern prevails and a coastal up-Gulf advection of particles occurs along the mainland side (Marinone, 2012) . The distribution patterns of copepods roughly showed this trend, with higher copepod biomass near the east coast during winter and along the Baja California Peninsula during summer. This indicates a relatively seasonal occurrence of zooplankton abundance. Plankton connectivity (retention or dispersion) has been demonstrated in the Gulf of California for fish larvae assemblages collected with bongo nets (Peguero-Icaza et al., 2008 , 2011 , but observational studies of current speed and direction, using stratified samples, suggest that eddies can transport fish larvae (and likely other zooplankton groups) from coast-to-coast at speeds between 4 and 10 km d -1 (Contreras-Catala et al., 2012) . Brinton et al. (Brinton et al., 1986) proposed that the Gulf of California is a coastal-basin-coastal ecosystem that promotes high zooplankton abundance and diversity. We believe that concentration of copepods in the upper 75-m strata during day and night in the Gulf of California likely comes from this unique combination of elongated geographic and bathymetric configurations (6:1 latitude to longitude, a unique feature in the entire Pacific Ocean). This promotes formation of eddies and plumes that cause dynamic current connectivity and retention among regions. In turn this maintains, overall, rapid changes in copepod populations from low-to-high regions (and vice versa) of food availability. The Gulf of California has areas with significant high connectivity driven by a threedimensional seasonal circulation pattern that connects, within weeks, distant plankton populations on both sides of the gulf. The continuous formation of eddies with trapping of coastal water in the relatively narrow Gulf of California may be a mechanism that favors the integrity of the fish larvae populations and promotes the recruitment of neritic and oceanic species inside them (Contreras-Catala et al., 2012) . In coastal upwelling areas located along eastern boundary systems (coastal-oceanic ecosystems), like the California, Humboldt, Canary and Benguela Currents, copepods have evolved to perform DVM and/or OVM because these have an adaptive value to maintain most of the population nearshore, where typically low temperatures and higher autotrophic and heterotrophic biomass availability prevail (Batchelder et al., 2002) . However, other mechanisms, such as transport during nonupwelling periods, continuous transport below the surface, increases in mean transport depth over time, and seasonal changes in hydrography or OVM may still enable relatively high levels of self-recruitment in highly advective regions (Carr et al., 2008) . In the northern Gulf of California, the meroplanktonic larvae of rock scallop (Spondylus calcifer) have, within a two-week summer period with a cyclonic dispersion pattern, an asymmetric and directional genetic connectivity that decreases when the distance is .100 km (Soria et al., 2012) . In copepods with a longer life span in the planktonic realm, such near-surface connectivity is expected to be .100 km. We suggest that highly dynamic seasonal ocean circulation in the Gulf has led to the absence of typical copepod DVM that occurs in other coastal marine ecosystems, an evolutionary adaptive behavior because the core of copepod populations are in neritic areas where food concentrations are relatively high, with transitional periods ( perhaps weeks) in low productive areas when transported by currents. Thus, the high-energy cost of DVM is not necessarily advantageous to maintain most of the population nearshore on either side of the Gulf.
Influence of environmental conditions on copepod DVM
The CCA showed that copepod vertical distribution and abundance was positively associated with vertical temperature during summer and with thermocline depth, percentage of oxygen saturation, zooplankton volume and concentration of Chl-a during winter (Fig. 8) . However, it is interesting that the highest abundance of most copepod species was restricted to the upper 75 m, where oxygen concentrations were typically .3 ml O 2 L -1
. Low subsurface oxygen concentration (,1.5 mL O 2 L -1 ) acts as a physiologically stressful factor to limit vertical zooplankton distribution Seibel, 2011) (Table IV) . The OMZ (,1 mL O 2 L -1 ) in the Gulf is deep in the area south of the Mid-Rift Archipelago (300 -600 m), between 100 -300 m depth in the central Gulf and shallower in the mouth (70-100 m), but with pronounced seasonal variability (Roden, 1958; Reid et al. 1965; Brinton and Townsend, 1980; Bray, 1988; Delgadillo-Hinojosa et al., 2006) . A long transect (24 -318N) survey in September 1996 and March 1997 indicated that during summer south of the island region (24-288N), the upper boundary of the OMZ occurs at 259 + 42 m. In winter, even though the upper 100-m water column had 30% more dissolved oxygen than in summer, the upper limit of the OMZ occurs at 152 + 30 m (Delgadillo-Hinojosa et al., 2006) . We detected concentrations at ,1 mL O 2 L -1 , typical of the OMZ, only at depths .280 m at both seasons ( Fig. 2E and F) . Overall, these concentrations agree with other data in the Gulf of California (Brinton and Townsend, 1980; Delgadillo-Hinojosa et al., 2006; Seibel, 2011) . We found two associations of copepods as a function of depth. The first group ( 90% of copepod species collected in the water column) always had maximum abundance (WVDA) well above the hypoxic strata. The second group of seven species (Aetideus armatus, A. bradyi, A. pacificus, Euchaeta media, Metridia princeps, Paracalanus sp. and Pleuromamma abdominalis) was detected exclusively in deeper waters .100 m where hypoxic conditions prevailed (Tables IV and V, Supplementary data, Fig. S1 ). Although we had methodological limitations (i.e. samples from the upper 200 m in layers of 25 or 50 m thick), we show that environmental conditions of relatively high temperature, chl-a, concentration of dissolved oxygen and deep thermocline typically reported within the first 50 m during both seasons were the most favorable conditions for at least 43 epipelagic copepod species (Fig. 2E and F, 7) . We expect that studies of copepod distribution, using finer resolution of layers (larger number of stratified nets and smaller depth intervals) or digital systems like the German LOKI system (Schulz et al., 2010) , will provide information on short migrations of epipelagic copepods, which might better explain why copepods seem to concentrate around 50 m and do not migrate vertically in the Gulf of California.
Summary
The finding that most copepod species in the central and northern Gulf of California do not exhibit DVM (concentrating in the upper 75 m) is relevant in a regional tropho-dynamics perspective as it results in similar daynight copepod availability for their epipelagic planktivorous predators. The absence of copepod DVM, but not other planktonic organisms, such as euphausiids, seems to be regulated by the combination of vertical and seasonal environmental conditions. Copepod distribution and abundance was positively associated with temperature, depth of the thermocline, chl-a, zooplankton biomass and concentration of dissolved oxygen. Large connectivity rates are known to exist along the eastern side of the Gulf and relatively high rates of retention along the western side (Marinone, 2012; Soria et al., 2012) , causing a coast-ocean-coast ecosystem that contrasts with cross-shelf-oceanic conditions that prevail in coastal upwelling regions (Peterson et al., 1979; Peterson, 1998) . All factors combined seem to favor copepod species that live under mesotrophic conditions in the upper 50 m and are transported across poor and rich trophic habitats in relatively short periods within their life span, as suggested by recent three-dimensional models of particulates tracked in surface waters. Although most of the copepod assemblage is of tropical zoogeographic affinity, we found shifts in winter-summer relative abundance ( 19% of all species) in dominant species having different body sizes. However, seasonal changes in copepod assemblages do not seem to significantly modify the day -night copepod biomass stock for predators in the epipelagic ecosystem of the Gulf. It is important to study changes in size within the zooplankton assemblages to measure biomass and vital rates (molt, growth and reproduction) of at least the numerically-dominant species to estimate secondary production to conceptually scale the actual productivity of the Gulf of California (Gómez-Gutiérrez et al., 2012; Palomares-García et al., 2013) . Until this study, there were no data on which to base such an approach in this species-diverse and eutrophic ecosystem.
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